The wintering ecology of the Japanese Marsh Warbler Megalurus pryeri is poorly known, as this species is cryptic and inhabits marsh inaccessible even in winter. Recently, the whereabouts of wintering grounds have been accumulated through a Japan Environment Agency ringing project, though scant wintering records were known before 1970 (Momiyama 1949 , Nagata 1997 . The warbler winters in reedbeds from Ibaraki to Kagawa Prefecture along the Pacific sea side of central Japan, and there are some passage records in northern part of central Japan, Niigata and Miyagi Prefectures (Nagata 1997) . Some authors reported that this warbler wintered and inhabited in dead reeds boggy marsh, where soil was too soft and spongy to allow safe passage (Momiyama 1949 , Moyer 1953 . Moyer (1953) reported that a few warblers were observed and captured in 1953 on the north-eastern shore of Lake Kasumigaura. Although the fine marsh along this shore has since disappeared, some warblers were ringed in winter near Tsuchiura and Ukishima along the shore of the lake (Y. Masuda pers. comm., Bird Migration Research Center 1994). Moreover, a new breeding population has established in Ukishima since 1992 (Kanai & Ueta 1994) . To clarify the overwintering ecology of M. pryeri, we conducted monthly mist-netting at two study sites along the southern shore of Lake Kasumigaura in winter, 1995 Kasumigaura in winter, /1996 In this article we report monthly population changes and briefly analyze mark-andrecapture data of the warbler. We think accumulating information of this species' wintering ecology is important for its conservation, despite the small sample sizes included.
Study
Sites and Method Monthly mist-netting was conducted between November and February in the winter the southern shore of the lake, 7km southeast of Tsuchiura, and Ukishima is situated 18 km east-southeast of the Seimei site. West of the mouth of the Seimei River reedbeds were made by humans to purify eutrophic lake water. This reedbed is only 40m in width, and continues 950m along the shore. It is divided into 19 cells delimited by bank piled stone every 50m; reed Phragmites communis and wildrice Zizania latifolia are planted inside each cell. Natural reedbed stretches to the east of the river-mouth, which is 20-50m in width and 600m long. This reedbed is covered with reeds, Carex-Phragmites community, cattails Typha latifolia and Z. latifolia, and scattered willow bush Salix sp. from lakeside to bank-side. Ukishima marsh, at 53ha in area, is the largest marsh along Lake Kasumigaura and supports a rich flora (Michikawa et al. 1992 ). This marsh is covered with a mainly Carex-Phragmites community and Ischaemum-Phragmites community, and surrounded by dense reedbeds along the shore or creeks. Half to 80% of dead reed stems are regularly cut or burnt in winter at Ukishima.
mist-netting for 3 days in adjacent weeks or the same week at both sites. Eighteen mist-nets were set in 8 lines across reedbeds at the Seimei site. At Ukishima, 24 mist-nets were set along 3 fixed lines every month ( Fig. 1) , and another 9 mist-nets in 2 lines were set to cover an unburnt area, as almost all netting areas fixed were burnt in February, 1996. All birds captured were ringed, aged, sexed and the netting site recorded before release. We distinguished their age by examining the colour of irises, the skull ossification and existence of juvenile feathers, and sexed them according to the normal sexual dimorphism in wing-length (Shigeta 1991) . We pooled all birds captured in the same month and ignored birds recaptured within the same month, when we conducted markand-recapture analysis.
Results and Discussion
Nine and 25 birds were captured at Seimei and Ukishima area, respectively (Table 1) . Almost all the birds captured except one at the Seimei site were yearlings. On the other hand, adults, yearlings and even juveniles were captured at Ukishima area ( Table 1 ). The number of captured birds was highest in November at Ukishima area, but there was no such tendency at the Seimei site (Table 1) .
Why did these discrepancies occur between study sites? No warblers were breeding at the Seimei site (pers. obs.), but nearly 20 males have established breeding territories in Ukishima marsh since 1992 (WSBJ, Ibaraki branch 1996). The ringing project revealed that the warblers bred in Aomori Prefecture, northern Japan, overwinter in the Kanto area, central Japan, and the population bred in the Kanto area overwinters in southern Kanto to Tokai along the Pacific sea side, though some birds overwinter on their breeding ground (Bird Migration Research Center 1992 , Nagata 1997 . As the breeding season of the warbler lasts until September, juveniles fledged or adults bred in September could not complete moulting, and stay at the breeding sites in early November. The migrating population probably originate from the northern breeding population, and some breeding birds might leave and migrate to southern regions from Ukishima. In this case, population exchange and overlap might occur in the Ukishima site.
Ukishima marsh has lasted for more than 65 years, and was known as wintering site for this species since the 1950s (Kiyosu 1965) . On the other hand, artificial reedbeds were made between 1992 and 1994 at the Seimei site. Two-thirds of the study area was covered with the artificial reedbed, and only one adult bird was captured in natural marsh at the Seimei site. Ralph & Mewaldt (1975) showed with a displacement experiment that adults are tenacious to their wintering ground across years but some yearlings fix on a new wintering ground. As yearlings disperse more widly than experienced birds in autumn migration (Mead & Harrison 1979) , pioneers of new wintering grounds would be yearlings. The artificial reedbed is a newly established habitat for birds, then the Seimei site might be biased to yearlings. The proportion of females captured was high in February at both sites (Table 1 ), but the difference was not significant. Females might arrive later than males in winter. As mist-netting seems to be less effective in capturing females, the number of females may have actually increased in February. Females fly much shorter distances than males when moving within vegetation (pers. obs.).
Four of 9 birds and 4 of 25 birds were recaptured across months at the Seimei and Ukishima sites, respectively ( Table 2 ). The proportion of birds recaptured was two times higher at Seimei than at Ukishima (Table 1) . Birds were captured in only two consecutive months at Ukusima, but birds were captured more than twice across 3 to 4 months at the Seimei site (Table 2 ). The average distance between sites where the same individuals were Ukisima. These results show the warbler was site-tenacious and also had a fixed home range within a wintering season. If overwintering birds require the same size of home range as when breeding (e. g. 4100m2) they require an area, 72m in diameter. As mist-nets were set in lines with 50m intervals on the boundaries of cells of artificial reedbed at the Seimei site, the home range of a warbler might include two netting lines. Mist-nets were set in only 3 lines with 200-250m intervals at Ukishima, where suitable habitat was burnt in February. Mist-netting across reedbeds might be topographically easy to intercept and capture moving birds at the Seimei site. In this case, birds were captured more effectively at Seimei than Ukishima (Table 1) . These are the reasons why the proportion of birds recaptured was less and the duration of birds recaptured was shorter within the wintering season in Ukishima. As some birds were captured more than twice at the Seimei site, we estimated population parameters such as total population, number of immigrants and proportion of birds captured from mark-and-recapture data (Jolly 1965) . Here, the Jolly-Seber method modified for small sample was applied to the analysis (Ito & Murai 1977) . We used N1'=n1 instead of N1'=N2, as the wintering population started from zero. Estimates of the proportion of birds ringed and captured is 71% and 37.5% in average, respectively (Table  3) . To estimate the total population of the artificial reedbeds we only use estimates from December, as it is more accurate and most birds were captured there. If we assume birds are captured in both sides of a mist-net within 25m effectively, it would cover 1.08ha in structure in the artificial reedbed was homogeneous and the artificial reedbed was 3.8 ha
In the same manner, we could roughly calculate the total number of warblers using estimates from one-time recapture model at Ukishima. Mist-nets would cover 1.44ha in area except for February (1.98ha). As some breeding population might emigrate even in December and suitable habitat shrunk in February, estimates from January, 16.7 birds/ha, were used for calculation. It was almost twice as many as that at Seimei. As the area is huge and vegetation structure is more heterogeneous in Ukishima, it was difficult to estimate the total population of wintering birds. But, at least a hundred and fifty warblers might be wintering at Ukishima marsh, if a quarter of the marsh area is suitable habitat.
The present breeding populations of Japanese marsh warbler are known and the total is estimated at about 1000 birds (Kanai & Ueta 1994) . But the wintering population of the warbler is poorly known. In order to conserve this species, we should locate the wintering ground of all the birds, and preserve these as well as the breeding sites. We can calculate total estimates of the wintering population in Lake Kasumigaura from total area of suitable marsh and our mist-netting data, but such an estimate would not be reliable given our small sample size. Accumulating more data will allow us to make an accurate estimate.
